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(57] ABSTRACT

An electrochemical method for defect delineation in
thin-film SOI or SOS wafers in which a surface of a
silicon wafer is electrically connected so as to control
the voltage of the surface within a specified range, the
silicon wafer is then contacted with an electrolyte, and,

~after removing the electrolyte, defects and metal con-

tamination in the silicon wafer are identified.

5 Claims, 2 Drawing Sheets
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ELECTROCHEMICAL METHOD FOR DEFECT
DELINEATION IN SILICON-ON-INSULATOR
WAFERS |

BACKGROUND OF THE INVENTION

1. Field of the Invention |

The present invention generally relates to an electro-
chemical method for the identification of defects and
metal contamination in silicon wafers. More specifi-
cally, the present invention relates to an electrochemi-
cal method for defect delineation in thin-film silicon-on-
insulator or silicon-on-sapphire wafers. The United
States Government has rights in this invention pursuant

to Contract No. DE-AC04-7T6DP00789 between the
U.S. Department of Energy and AT&T Technologies,

Inc.

2. Description of Related Art

Localized clusters of defects in silicon wafers are one
of the most significant limiting factors for performance
and yield in integrated circuit (IC) fabrication. As a
result, identification and elimination of defects are cru-
ctal for process control. Defects in silicon include point
defects generated during crystal growth as well as
stacking faults, dislocations and precipitates generated
during processing. In addition, active IC device regions
must be completely cleaned, since metal impurities such
as iron, copper and nickel impair oxide integrity, reduce
carrier lifetime (Hiramoto et al, Ext. Abs., 174th Elec-
trochem. Soc. Meeting, Chicago, 1988, Abs. No. 462),
and contribute to high device leakage currents (Honda
et al, J. Appl. Phys., 62, 1960, (1987)). In silicon-on-
insulator (SOI) fabrication, defects are generated by
high fluence, high energy implantation (Separation by
[Mplanted OXygen-SIMOX or Nltrogen-SIMNI) or
by crystallization (Zone Melt Recrystallization-ZMR).

Conventional chemical defect delineation methods
result in the bulk Si being etched at rates as high as 1-2
um/min, as reported in Wright Jenkins (“ A new prefer-
ential etch for defects in silicon crystals,” J. Electro-
chem. Soc.: Solid State Science and Technology, May
1977, Vol. 124, No. §, pp. 757-762), Secco (J. Electro-
chem. Soc.: Solid State Science and Technology, Vol.
119, p. 948 (1972)), Sirtl et al (Z. Metallkd., Vol. 52, p.
529 (1961)), and Schimmel (J. Electrochem. Soc.: Solid
State Science and Technology, Vol. 123, p. 734 (1976)).
This etching rate is unacceptable for thin-film silicon-
on-insulator (SOI) and silicon-on-sapphire (SOS) fabri-
cation since the overlying Si layer may be as thin as 0.1
microns. Other conventional methods include the
scanned-surface-photovoltage (SSP) technique which
disadvantageously requires special instrumentation and
1s tedious when applied to large areas (Deines et al,
“Correlation of electrolytic-etch and  surface-
photovoltage techniques for the detection, of electri-
cally active defects in silicon,” Appl. Phys. Lett., 34(11),
June 1, 1979, pp. 746-748). Accordingly, it is desirable
to provide an electrochemical method for defect delin-
eation in wafers which does not etch bulk silicon and

which does not suffer from the other above-noted disad-
vantages.

SUMMARY OF THE INVENTION

Therefore, 1t 1s an object of the present invention to
provide a method for defect delineation in silicon wa-
fers which does not significantly etch bulk silicon.
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It 1s a further object of the present invention to pro-
vide a method for the identification of defects and metal
contamination tn SOI or SOS wafers.

The foregoing objects and others are accomplished in
accordance with the present invention. generally speak-
ing, by providing an electrochemical method for defect
delineation in silicon wafers which includes electrically
contacting a front surface of a silicon wafer so as to
control the voltage of the front surface within a prede-
termined voltage range, contacting the silicon watfer
with an electrolyte, electrochemically etching the sili-
con wafer, removing the electrolyte from the silicon

wafer, and 1dentifying defects associated with structure
and metal contamination in the silicon wafer.

Further scope of the applicability of the method of
the present invention will become apparent from the
detailed description and drawings provided below.
However, it should be understood that the detatled
description and specific examples, while indicating the
preferred embodiments of the invention, are given by
way of illustration only, since various changes and mod-
tfications within the spirit and scope of the invention

will become apparent to those skilled in the art from this
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention 1s further illustrated in the accompany-
ing drawings wherein:

FI1G. 11s a graph showing the change of epi thickness
(microns) over etch time (min.): and

FIG. 2 is a photograph showing etch pits in a SIMOX
wafer magnified 400 times wherein the etch pit density
is 104-10°/cm?.

DETAILED DESCRIPTION OF THE
INVENTION

The electrochemical method of the present invention
1s preferably apphicable to (100) oriented Si. The Si may
be p-type or n-type, n-type being preferable. The St may
be doped with phosphorous, or other dopants such as
arsenic, antimony, or boron, wherein the dopant con-
centration is in the range of from 10!4 to 10'/cm3 and
preferably below 101°/cm3. The etching solution of the
present invention may be any acidic solution containing
fluoride 1ons and is preferably hydrofluoric acid aque-
ous solution with a concentration in the range of about
1 to 49 wt %, and preferably about 5 wt %.

An electrode configuration is electrically connected
with the front side of the silicon wafer which is con-
trolled in the range of from about 0.1 to 12 volts, prefer-
ably from 43 to + 5 volts versus a Cu/CuF> reference
electrode. The electrode configuration may be a two-,
three- or four-electrode configuration and is preferably
a three-electrode configuration. A front side contact for
SOI wafers is used to avoid potential drop due to the
presence of the insulator between the front and back
sides of the wafer. Matenals for ohmic contact to the
front side of the wafer include for example aluminum,
platinum, indium, nickel, or gold, and indium solder is
preferably used. The ohmic contact material must not
be contacted by the etching solution.”

EXAMPLES

In order to show that the electrochemical method of
the present invention does not etch bulk silicon in con-
trast to conventional methods such as Wright Jenkins
(with a bulk Si etch rate of 1 um/min), Fourier Trans-
form Infrared (FTIR) spectroscopy measurements of n.
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epitaxial silicon on n+ substrate before and after electro-
chemical etching were conducted. Within the uncer-
tainty of the FTIR measurements, there was no evi-
dence of bulk silicon etching for electrochemical etch

times up to 30 minutes as shown in FIG. 1 which indi-

cates the change in epi thickness (microns) over etch
time (min). As is evident from FIG. 1, the change in ep!
thickness is not a function of etch time. This property of
the electrochemical method of the present invention
makes it ideal for thin film SOI and SOS wafers. Elec-
tron microscopy of etched wafers shows that the elec-
trochemical etch produces crystallographic etch pits,
2-50 microns in size, formed in discrete regions of high
electrochemical activity. Further, spreading resistance
profiles indicate that dopant atoms are not selectively
etched by this procedure. Electrochemical etch pits do
correlate with both structural and impurity defects.
Crystallographic etch pits at both ends of oxidation-
induced stacking faults and etch pit densities increasing
with increasing iron contamination under controlled
conditions were also observed.

As specific examples of preferred embodiments of the
electrochemical method of the present invention, this
method was used to delineate defects in SIMOX and
ZMR SOI wafers. The SIMOX wafers constituted 0.4
uwm n— Si/0.4 um SiO> formed by 150 keV, 1.7X 1018
O+/cm? implant followed by 5 hours of annealing at
1275° C. Epitaxy was used to thicken as the implanted
0.1 um Si layer to the final 0.4 um thickness. ZMR (0.4
um n— Si/1.2 um SiO;) SOI wafers were also prepared.
In the ZMR wafers, grain boundaries along the (100)
direction were delineated. Square etch pits associated
with the grain boundaries were parallel with the (110)
direction. These grain boundaries were about 100 um
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apart. For the SIMOX wafers, electrochemical etch pit

‘densities ranged from 104~10%/cm? as illustrated in FIG.

2. This compares to pit densities less than 10/cm? on
bulk n— Su.

The invention being thus described, it will be obvious
the same may be varied in many ways. Such variations
are not to be regarded as a departure from the spirit and
scope of the invention and all such modifications as
would be obvious to one skilled in the art are intended
to be included within the scope of the following claims.

What 1s claimed:

1. An electrochemical method for defect delineation
in silicon-on-insulator wafers which comprises:

electrically contacting a front surface of said wafer so

as to control the voltage of said front surface
within a 0.1 to 12 volts range;

contacting said silicon wafer with an electrolyte solu-

t1on;

electrochemically etching said silicon wafer;

removing said electrolyte from said silicon wafer; and

identifying defects and metal contamination in said
silicon watfer.

2. The electrochemical method of claim 1, wherein
the silicon wafer is a (100) oriented n-type silicon wafer.

3. The electrochemical method of claim 1, wherein

- the voltage range is from +3 to +5 volts in a three-
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electrode configuration versus a Cu/Cuk> reference
electrode. -

4. The electrochemical method of claim 1, wherein
the silicon wafer has a dopant concentration of up to
about 10!'5/cm?. |

5. The electrochemical method of claim 1, wherein

the electrolyte is hydrofluoric acid.
* ¥ »* *
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